The lipid and carbohydrate content of Blastomyces dermatiditis has been described by Hauser (1938, 1940). Stewart and Meyer (1938) have studied the assimilation of glucose by this organism. There has been no report on its oxidative metabolism, and the purpose of this work was to study the factors affecting the oxygen uptake of this pathogenic fungus.
The lipid and carbohydrate content of Blastomyces dermatiditis has been described by Hauser (1938, 1940) . Stewart and Meyer (1938) have studied the assimilation of glucose by this organism. There has been no report on its oxidative metabolism, and the purpose of this work was to study the factors affecting the oxygen uptake of this pathogenic fungus.
EXPERIMENTAL
The cultures were obtained from a clinical case of blastomycosis and were grown on Kelly's agar medium. They were used when 2-6 days old. The mat was scraped off the agar with a blunt glass rod, suspended in 100 ml. of sterile water and centrifuged for 5 minutes at 1500 r.p.m. The liquid was decanted and the solid ground in the tube with a thick glass rod to break up any masses. It was then resuspended in water and centrifuged again. This time the solid was taken up in 0.05 M phosphate buffer pH 6.7 so that 1.0 ml. of the packed organisms were suspended in 10.0 ml. of buffer. 0.5 ml. of this suspension was used in each Warburg vessel which contained a final volume of 2.0 ml. The fungus was used in the yeast form. The mycelial form, to which it tended to revert on a beef-extract glucose agar medium, has a lower oxygen uptake and oxidizes added substrates more slowly. The control uptake also decreases with the increasing age of the culture. A change of pH to 7.8 has little effect on any of the reactions described below.
Carbohydrates. Of the five sugars tested, glucose, mannose, fructose, arabinose, and rhamnose, only the first two are oxidized. They are oxidized at the same rate and take up 2 atoms of oxygen per molecule. Figure 1 finally may reach a value of 80 per cent. An acrid metallic odor develops after shaking selenite with the blastomycetes. This is not affected by the addition of any of the substrates tested, including methionine, but is completely absent if the selenite is incubated with the fungi anaerobically.
Fatty acids. The lower fatty acids are oxidized by these blastomycetes. In the oxidation of acetic acid 1 atom of oxygen is taken up and 1 molecule of CO2 given off per molecule. The oxygen uptake tends to drift on further whereas the CO2 production lags. The higher fatty acids behave very differently. Not only are they not oxidized, but they inhibit the control oxygen uptake, and also the oxidation of added glucose, pyruvate, lactate, and acetate. Sodium oleate and palmitate are almost equally effective. Sodium stearate is less so, possibly because of its relative insolubility. It seems probable that the soaps cover the surface of the organisms and thus inhibit the penetration of oxygen and substrates. Figure 3 shows the effect of these soaps on the control respiration. Soy-bean lecithin in equivalent concentrations has no effect. Amino acids. Immediately after washing the suspension of blastomycetes no free ammonia is detectable in it. After shaking in air for 5-6 hours in the War- Estimation of the free ammonia in the presence of the amino acids at the end of 5-6 hours showed that there was a small increase over that in the control. But although the oxygen uptakes caused by the amino acids were great enough to on July 13, 2017 by guest http://jb.asm.org/ Downloaded from account for their complete oxidative deamination, in no case was the theoretical amount of ammonia recovered. This suggested that the small increases found might be due to a stimulation of the control oxygen uptake, a "specific dynamic action" rather than to the utilization of the amino acids as substrates. This possibility was confirmed by the following facts. The increase of the oxygen uptake by the amino acids is not proportional to their concentration but is proportional to the number of organisms. This is shown in table 2 for phenylalanine. When a substrate such as glucose is added under the same conditions, the rate of oxygen uptake varies with the number of organisms but the same final end point is eventually reached. In the case of the amino acids not only are no definite end points reached, but the increase in oxygen uptake remains proportional to the number of organisms. Finally, at the end of the experiment, trichloracetic acid was added to the suspension, which was then filtered and aliquots taken for amino nitrogen determinations by the Van Slyke method. If no deamination of the amino acids occurred then the amino nitrogen found above that in the control should equal These facts indicate that the presence of the amino acids stimulates the oxidation of something in the cell and that they are not themselves oxidized when added under the conditions of the experiment. The source of the ammonia produced by the organisms is thus not determined. Stewart and Meyer have shown that the assimilation and production of ammonia by Blastomyces dermatiditis in different media can be affected by the presence of glucose. It is possible to show that the ammonia production by the control suspension under the conditions of the experiments described here is inhibited by glucose and certain other substances. After 5-6 hours in the Warburg vessels, trichloracetic acid was added, the suspensions filtered and aliquots taken, distilled from alkali and estimated colorimetrically with Nessler's solution. 0.072 mg. NHs-N was produced by The oxidation of succinic acid and the effect of cyanide. Succinic acid is slowly oxidized by the blastomycetes to fumaric acid. Malonate inhibits the oxidation completely. Fumaric acid does not act catalytically, nor does citric acid which is not oxidized. The oxidation of succinic acid indicates the presence of the cytochrome system. Cyanide completely inhibits the oxidation of all the added substrates, the effect of both the isomers of the amino acids and the ammonia production. Paradoxically, however, cyanide has a variable effect on the control oxygen uptake. The inhibition depends on the age of the culture used. M/100 NaCN inhibits the control uptake of a two-day-old and of a six-day-old culture, 40 and 5 per cent respectively. It is possible that cyanide does not readily penetrate into the cell. If this is so, it would be able to inhibit the oxidation of added substrates which may be oxidized on or near the cell surface but would have less effect on oxidation occurring within the cell. That the permeability of the cell becomes less with age is indicated by the fact that the latent period before the oxidation of added substrates takes place is longer the greater age of the culture used.
The effect of cyanide on the control respiration is apparently enhanced by the addition of oleic acid as indicated in the following experiment. A six-day-old culture was used. Just enough oleic acid was added to the suspension in one vessel to cause a 10 per cent inhibition of the control oxygen uptake. M/100 NaCN in another vessel caused a 5 per cent inhibition. But if both were added together a 55 per cent inhibition occurred. The explanation for this phenomenon is not clear but it is possible that cyanide penetrates more readily into the cell in the presence of oleate. DISCUSSION Although there have been numerous studies of the oxidative metabolism of non-pathogenic bacteria and fungi, similar studies on pathogenic organisms are relatively few. The present work is an attempt to outline one phase of the metabolism of a pathogenic fungus. The results show that it differs markedly in many respects from baker's and brewer's yeast. Until more data on pathogenic organisms accumulate it will not be possible to correlate these differences, but it is probable that such a correlation will eventually be made and that we may thereby attain a better understanding of the metabolic adaptations accompanying pathogenicity. 
